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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The occurrence of idiosyncratic drug

hepatotoxicity is a major problem in all
phases of clinical drug development and the
leading cause of postmarketing warnings
and withdrawals.

• Physical exercise can result in transient
elevations of liver function tests.

• There is no consensus in the literature on
which forms of exercise may cause changes
in liver function tests and to what extent.

WHAT THIS STUDY ADDS
• Weightlifting results in profound increases

in liver function tests in healthy men used
to moderate physical activity, not including
weightlifting.

• Liver function tests are significantly
increased for at least 7 days after
weightlifting.

• It is important to impose relevant
restrictions on heavy muscular exercise prior
to and during clinical studies.

AIM
To investigate the effect of intensive muscular exercise (weightlifting)
on clinical chemistry parameters reflecting liver function in healthy
men.

METHODS
Fifteen healthy men, used to moderate physical activity not including
weightlifting, performed an 1 h long weightlifting programme. Blood
was sampled for clinical chemistry parameters [aspartate
aminotransferase (AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LD), gamma-glutamyl transferase (gGT), alkaline
phosphatase (ALP), bilirubin, creatine kinase (CK) and myoglobin] at
repeated intervals during 7 days postexercise and at a follow-up
examination 10–12 days postexercise.

RESULTS
Five out of eight studied clinical chemistry parameters (AST, ALT, LD, CK
and myoglobin) increased significantly after exercise (P < 0.01) and
remained increased for at least 7 days postexercise. Bilirubin, gGT and
ALP remained within the normal range.

CONCLUSION
The liver function parameters, AST and ALT, were significantly increased
for at least 7 days after the exercise. In addition, LD and, in particular, CK
and myoglobin showed highly elevated levels. These findings highlight
the importance of imposing restrictions on weightlifting prior to and
during clinical studies. Intensive muscular exercise, e.g. weightlifting,
should also be considered as a cause of asymptomatic elevations of
liver function tests in daily clinical practice.

Introduction

The liver is the main organ for conversion of one chemical
species to another and this interconversion is the main

route for preparing drugs for excretion from the body. The
metabolism of drugs can lead to the formation of chemi-
cally reactive intermediates that may play a significant role
in the induction of hepatic injury. It is important that
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potentially hepatotoxic effects of new drugs are recog-
nized early during drug development.Therefore, in Phase I
clinical trials, monitoring of liver function parameters is
mandatory. The occurrence of asymptomatic elevations in
liver function tests is a problem during all phases of drug
development. An asymptomatic elevation of, for example,
liver transaminases during clinical trials could be drug
related, but other factors, such as exercise [1] and diet [2],
may also have had this effect.

It has long been known that physical exercise results in
transient elevations of liver function tests [3, 4]. Subjects
studied in Phase I clinical trials are often young healthy
volunteers who in their normal life perform some kind of
recreational exercise, and during outpatient trials the vol-
unteers usually continue with their normal life, including
exercise. We have observed that healthy subjects perform-
ing intensive weightlifting during clinical trials may exhibit
altered liver function tests [elevations of aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT)],
but the influence of weightlifting on clinical chemistry
parameters is poorly described.

There is no consensus on what forms of exercise can
cause changes in clinical chemistry parameters, which
parameters may be affected, or to what extent. Several
studies have described enzyme elevations in response to
running [5, 6], whereas only a few have dealt with the
effects of weightlifting [7, 8]. The effects of muscular exer-
cise on clinical chemistry parameters may also vary
depending on gender and on the fitness level of the indi-
vidual [9]. However, no study to our knowledge has exam-
ined the possible effect of weightlifting on clinical
chemistry parameters, commonly used to evaluate liver
function, and the duration of such an effect.

The primary objective of the present study was to
investigate the effect of intensive muscular exercise
(weightlifting) on a single occasion on clinical chemistry
parameters, reflecting liver function in healthy men not
used to performing weightlifting on a regular basis. A sec-
ondary objective was to investigate the effect of a single
occasion of intensive muscular exercise (weightlifting) on
clinical chemistry parameters reflecting muscle damage,
i.e creatine kinase (CK) and myoglobin.

Methods

Study design
This was an open study consisting of five separate visits to
one centre (AstraZeneca Clinical Pharmacology Unit, Lund,
Sweden); screening and weightlifting ‘test’ (visits 1 and 2),
baseline blood sampling before weightlifting (visit 3),
weightlifting with blood sampling at repeated intervals up
to 1 week post exercise (visit 4), and follow-up (visit 5).Visit
1 was to be performed within 21 days of visit 3, and visit 2
was to take place at least 10 days before visit 3. Visit 5 was

to be performed within 10–12 days after the weightlifting
exercise at visit 4.

The study involved 15 healthy men aged 18–45 years
with a body mass index (BMI) between 18 and 30 and a
minimum weight of 60 kg. They were all used to moderate
physical exercise, but not used to performing weightlifting
on a regular basis. The subjects were not allowed to
perform strenuous physical exercise within 2 weeks of visit
1 and they had to abstain from physical exercise during the
study, other than study-specific exercise. They were not
allowed to have any clinically relevant abnormalities in
physical examination, clinical chemistry parameters,
human immunodeficiency virus (HIV) and/or hepatitis B/C
serology,haematology,urinalysis,ECG or vital signs.All sub-
jects were required to have AST, ALT, alkaline phosphatase
(ALP), CK, gamma glutamyl transferase (gGT), lactate dehy-
drogenase (LD), myoglobin and bilirubin within the appro-
priate reference ranges at visit 3. They were not allowed to
use any medication (except for occasional intake of parac-
etamol) within 2 weeks of visit 1 and they had to maintain
a normal diet and constant weight during the study. In
addition,they had to abstain from alcohol consumption for
48 h before each visit, between visits 2 and 3, and during
visits, for as long as blood sampling for clinical chemistry
parameters were being performed.

Weightlifting programme
At visit 2, subjects tested the weightlifting equipment and
the maximum weight possible for each exercise and
subject was estimated. At visit 4, subjects used 70% of the
obtained maximum weight in each exercise.

Before starting the programme at visit 4, subjects
warmed up by cycling at moderate speed for 5 min. They
conducted an approximately 1 h long weightlifting pro-
gramme going through the major muscle groups in the
body (Table 1). Every part of the programme was per-
formed in three sets, with approximately a 1-min pause
between sets, to a maximum number of repetitions per set
with the aim of reaching 12 repetitions. If 12 repetitions
were not reached during a set, the weight had to be
adjusted before the start of the next (not applicable for
push-ups, sit-ups and back-raises). If 12 repetitions were
easily reached, the weight was increased.

After the programme was completed, the subjects had
to stretch the major muscles.

Laboratory analysis
At visit 1, blood samples for haematology (haemoglobin,
leucocyte count, leucocyte differential count, platelets),
clinical chemistry (AST, ALT, ALP, gGT, creatinine, albumin,
glucose, C-reactive protein, potassium, calcium, sodium)
and HIV and hepatitis B and C serology were taken. A mid-
stream urine sample for urinalysis and a drugs of abuse
screen (RapidTest d.a.u.® 10 kit; Syva Co., Marburg,
Germany) was also performed.
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At visit 2, after at least 10 h fasting, a blood sample for
plasma bilirubin was taken to exclude subjects with Gil-
bert’s syndrome.

Blood samples were taken for clinical chemistry param-
eters in plasma (AST, ALT, ALP, CK, gGT, LD, bilirubin) and in
serum (myoglobin) at visits 3–5.

At visit 3 baseline values were obtained. At visit 4, blood
sampling for these clinical chemistry parameters was per-
formed immediately before, immediately after and at 1, 3,
6, 24, 48, 72, 96, 120, 144 and 168 h after the weightlifting
programme. If the enzyme levels were normalized before
168 h, blood sampling was interrupted. Follow-up blood
sampling was performed at visit 5, 10–12 days after the
weightlifting programme.

Alcohol breath tests were performed at visits 2, 3 and 4.

Ethics
Before the study, approval was obtained by the Ethics
Committee of Lund University, Sweden.The study was per-
formed in accordance with the ethical principles of the
Declaration of Helsinki and all subjects gave their written
informed consent before participation.

Statistics
The study was explorative in nature and not powered with
respect to any prespecified difference of interest. Primary
data were analysed using descriptive statistics and graphi-
cal illustrations. Changes from baseline to different time
points after exercise were assessed using Wilcoxon’s
signed rank sum test.

All hypothesis testing was done using two-sided alter-
native hypotheses. P-values < 5% were considered to be
statistically significant.

The statistical analysis was done using Gauss from
Aptech Systems Inc. (Black Diamond, WA, USA).

Results

A total of 35 subjects were enrolled at one centre. Twenty
subjects were excluded because eligibility criteria were
not met (n = 7) or for other reasons (n = 13).The 15 subjects
included were all men with a mean age of 24.5 years and a
mean BMI of 22.8 kg m-2. The mean exercise duration was
73.1 min and the mean total workload was 10.5 tonnes.
One subject (no. 14) withdrew 1 day after performing the
weightlifting programme due to personal circumstances.
In total, 14 subjects were used for the statistical analysis (all
except subject 14).

Changes in AST and ALT
The individual value curves for AST and ALT are illustrated
in Figures 1 and 2. On day 1 postexercise, six subjects
showed AST above the upper reference limit, whereas
none of the subjects showed increased ALT. On day 2 post
exercise, five subjects showed an increased ALT. All 14 sub-
jects had AST above the upper reference limit 3, 4 and
5 days post exercise. The increase was higher for AST; the
highest value obtained was 16.0 mkat l-1 in two subjects
(nos. 1 and 12) as shown in Table 2.The maximum increase
in ALT was 4.1 mkat l-1 (subjects 11 and 15). Seven days
postexercise, AST and ALT were still significantly increased
compared with the pre-exercise levels (P � 0.01).

The AST/ALT ratio was >1.0 in all subjects from 6 h to
7 days post exercise. At the follow-up visit, the mean value
curve for ALT showed higher values than for AST and 12 of
the subjects had a ratio < 1.0. The highest AST/ALT ratio

Table 1
Weightlifting programme

Weightlifting exercise Muscle groups

Lat pull down behind neck Trapezius, teres major, latissimus dorsi,
rhomboideus, brachioradialis, brachialis,
biceps brachii

Cable machine seated row Trapezius, rhomboideus major, latissimus dorsi,
teres major, deltoideus, erector spinae,
brachioradialis

Back raise* Gluteus maximus, semitendinosus
Sit-ups Rectus abdominus

Push-ups Pectoralis major and minor, triceps brachii,
deltoideus

Reversed curls with barbell Biceps brachii, brachialis

Machine side shoulder raise Deltoideus
Seated leg extension Quadriceps femoris

Hamstring curl Biceps femoris, semitendinosus,
semimembranosus

Leg press Gluteus maximus, quadriceps femoris, biceps
femoris

*With or without a weight.
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1, (�); 2, (�); 3, (�); 4, ( ); 5, (�); 6, (�); 7, ( ); 8, (�); 9, (�); 10, (	); 11, ( );
12, (
); 13, (�); 15 ( )

Weightlifting and liver function tests

Br J Clin Pharmacol / 65:2 / 255



was 6.2, observed in subject 1 on day 2 post exercise. The
lowest ratio was 0.36 in subject 2 at follow-up (Figure 3).

Changes in LD
The individual changes in LD are illustrated in Figure 4. All
subjects showed an increased LD at some time point
during the assessment period and the highest value
obtained was 31.0 mkat l-1 (subject 9; Table 2). On day 7, LD
was still significantly increased compared with the pre-
exercise levels (P � 0.01).

Changes in ALP, gGT and bilirubin
Bilirubin, gGT and ALP were almost unaltered during the
7-day measurement period. The maximum values for indi-
vidual responders are given in Table 2. There was one
responder for ALP (subject 3; 2.1 mkat l-1) and one for biliru-
bin (subject 1; 24 mmol l-1). There were no responders for
gGT.

Changes in CK and myoglobin
Creatine kinase and myoglobin showed significantly
increased values during the full measurement period
(Figures 5 and 6). On day 2, both CK and myoglobin were
above the reference limit in all 14 subjects. Four subjects
had CK levels >800 mkat l-1 and five subjects had myoglobin
levels above the maximum detectable level of 2999 mg l-1.

On day 7, these two parameters were still significantly
increased compared with pre-exercise levels (P < 0.01).The
maximum values for individual responders are given in
Table 2.

Time pattern of changes in clinical chemistry
parameters
The time to reach tmax, time to first passage above upper
local reference limit and time of renormalization [last

passage below upper local reference limit or defined as
day 8 (192 h) if still increased on day 7] was calculated for
five of the studied clinical chemistry parameters (Table 3).
Myoglobin had the shortest tmax (0.08 h) and ALT the
longest tmax and time to first passage above upper local
reference limit, whereas LD had the shortest time to first
passage below upper local reference limit. Except for LD,
>50% of the subjects had values above the upper local
reference limit on day 7.

Discussion

The occurrence of idiosyncratic drug hepatotoxicity is a
major problem in all phases of clinical drug development
and the leading cause of postmarketing warnings and
withdrawals [10]. Asymptomatic elevations of liver func-
tion tests during clinical trials could be drug-related, but
other factors, such as strenuous exercise, have resulted in
increased serum transaminase levels [11]. As we had
observed that healthy subjects performing intensive
weightlifting during clinical trials exhibited altered liver
function tests (elevations of AST, ALT; unpublished obser-
vations), we conducted a study to clarify the effects of
weightlifting on liver function tests.

The effects of weightlifting on CK and myoglobin levels
have been thoroughly described [8, 12], but there is no
information regarding the effect on clinical chemistry
parameters commonly used to evaluate liver function.
However, other types of strenuous physical exercise, such
as marathon running, are known to affect liver function
tests [13].

In this study, it has been shown that weightlifting
resulted in profound increases in the liver function param-
eters, AST and ALT, as well as in LD, CK and myoglobin
levels. Furthermore, we have been able to show that this
effect was prolonged and that most subjects still had
increased enzyme concentrations 1 week after performing
the weightlifting programme. The duration of increased
markers for muscle damage (myoglobin, CK, AST, ALT and
LD) was in line with a recent study using strenuous one-
arm exercise, in which all markers of muscle damage were
significantly increased for up to 10 days after exercise [14].
There was, however, considerable variability in the extent
of response to the heavy muscular exercise. One possible
explanation for this could be that the subjects were used
to varying amounts of physical activity in daily life. Other
factors, e.g. ethnicity and diet, could also have contributed
to this variability.

These findings highlight the importance of imposing
relevant restrictions on weightlifting prior to and during
clinical studies, and illustrate the need to consider weight-
lifting and probably other forms of intense muscular activ-
ity as possible causes of asymptomatic elevations of liver
function tests in daily clinical practice.
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The weightlifting programme used in this study
resulted in CK values consistent with exercise-induced
rhabdomyolysis in most of the subjects. Eight subjects
(57%) had maximum CK levels >167 mkat l-1 (10 000 U l-1), a
threshold commonly used to diagnose severe rhabdomy-
olysis [15]. Furthermore, seven out of these eight subjects
had CK levels >250 mkat l-1 (15 000 U l-1), which have been
associated with an increased risk of renal failure due to
rhabdomyolysis [16]. Although renal function was not
monitored during the study, none of the subjects had an

affected renal function at follow-up. Our findings are in
accordance with previous studies [14, 17], and clinicians
should be aware of these observations when evaluating
patients who have performed a heavy work-out such as
weightlifting.

Bilirubin, gGT and ALP were almost unaltered during
the 7-day measurement period.This finding was expected,
as these enzymes are not present in muscle tissue, and is
also in accordance with a previous study [18].

The time pattern of changes in clinical chemistry
parameters after the weightlifting programme were also

Table 2
Individual responders (above upper reference limit) by parameter

Subject

Maximum value (if responder)*
ALT
(mkat l-1)

AST
(mkat l-1)

gGT
(mkat l-1)

ALP
(mkat l-1)

LD
(mkat l-1)

CK
(mkat l-1)

Bilirubin
(mmol l-1)

Myoglobin
(mg l-1)

1 3.3 16.0 26.0 857.0 24 >2999†
2 2.9 7.6 12.0 377.0 2874

3 1.3 5.5 2.1 7.7 233.0 1385
4 1.3 4.3 5.9 152.0 742

5 0.7 1.7 3.8 50.4 415
6 1.0 3.7 37.3 193

7 0.7 1.9 3.7 57.4 607
8 0.8 2.3 4.5 94.0 585

9 2.6 13.0 31.0 822.0 >2999†
10 0.7 1.8 3.9 62.2 532

11 4.1 15.0 14.0 891.0 >2999†
12 3.7 16.0 23.0 812.0 >2999†

13 2.3 9.9 12.0 392.0 1954
15 4.1 14.0 10.0 507.0 >2999†

*Only results from subjects with values above local upper reference limit are shown; alanine aminotransferase (ALT) (>0.7 mkat l-1), aspartate aminotransferase (AST) (>0.7 mkat l-1),
gamma-glutamyl transferase (gGT) (>0.6 mkat l-1), alkaline phosphatase (ALP) (>1.8 mkat l-1), lactate dehydrogenase (LD) (>3.5 mkat l-1), creatine kinase (CK) (>3.3 mkat l-1), bilirubin
(>20 mmol l-1), and myoglobin (>72 mg l-1). †The upper detection limit for myoglobin with method used was 2999 mg l-1.
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investigated. Myoglobin has the shortest tmax and time to
first passage above upper reference limit, followed by LD,
CK and AST, whereas ALT has the longest tmax and time to
first passage above upper reference limit. The myoglobin
peaked 36 h before the CK,a finding consistent with results
from a cohort of critically ill patients with rhabdomyolysis
treated at an intensive care unit [19].

The AST/ALT ratio was >1 in almost all subjects during
7 days post exercise. However, at the follow-up (10–12 days
post exercise) the majority of subjects had an AST/ALT ratio
< 1 and ALT concentrations above the upper reference

range.This could be explained by the longer half-life of ALT
(47 h) compared with AST (17 h) [20, 21]. If liver fuction
tests are performed at that time point, a misleading picture
may result, suggesting mild liver disease.

The time pattern of enzyme activity following exercise
compared with following acute myocardial infarction
(AMI) has been reported previously [22]. It is considered
that a distinguishing characteristic of LD activity post exer-
cise is that this enzyme peaks at least 40 h sooner than
maximal LD activity following AMI.This was not true for our
results, where tmax for LD was 78 h postexercise compared
with tmax for LD following an AMI, which is about 48 h. One
reason for the discrepancy between our results and those
of the previous study [22] may be that the type of exercise
was different in the respective studies – a weightlifting
programme and a 6–10-mile run, respectively. One similar-
ity, however, between these studies was that LD peaked
about 16 h earlier than CK in both studies.

Conclusion

Liver function tests are significantly increased for at least
7 days after weightlifting among men used to moderate
physical activity, but not used to performing weightlifting
on a regular basis. In accordance with these results, and in
order to exclude potential exercise-related effects on liver
function tests, it is important to impose training restric-
tions on weightlifting for at least 1 week before the start of
clinical trials. Furthermore, the study also illustrates the
importance of considering weightlifting and probably
other types of intense muscular training as causes of
asymptomatic elevations of liver function tests in daily
clinical practice. This will reduce the risk of erroneously
attributing changes in liver function tests to a drug effect.

The underlying mechanisms of asymptomatic eleva-
tions of clinical chemistry parameters caused by muscular
exercise are to a large extent unknown and need to be
explored further.
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Table 3
Median time to response

Parameter
Median times (decimal hours)

MyoglobinALT AST LD CK

tmax 120 96 78 96 60
Above ref. limit 59 28 26 2.0 0.08

Below ref. limit* 192 192 142 192 192

*If above reference limit on day 7, day 8 (192 h) was used as estimate. ALT,
Alanine aminotransferase; AST, aspartate aminotransferase; LD, lactate dehydro-
genase; CK, creatine kinase.
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